OBJECTIVES: Acute kidney injury (AKI) after cardiac surgery is associated with adverse patient outcome. A new definition and staging system for AKI based on creatinine kinetics (CKs) has been proposed recently. Their proponents hypothesize that early absolute increases in serum creatinine (sCr) after kidney injury are superior to percentage increases, especially in patients with chronic kidney disease (CKD). The aims of our study were to measure agreement between CK definition and the current consensus definition [risk, injury, failure, loss and end-stage renal disease (RIFLE) system], and to compare time to diagnosis and prognostic value between both systems.
INTRODUCTION
Chronic kidney disease (CKD) is among the main risk factors for cardiovascular disease. An increasing number of patients with mild-to-moderate CKD undergo cardiac surgery each year. Preoperative renal dysfunction has been identified as a risk factor for several outcomes after cardiac surgery, including need for renal replacement therapy (RRT) [1, 2] , in-hospital mortality [3] , and mid-and long-term survival [3] [4] [5] . Additionally, the development of acute kidney injury (AKI) during the postoperative period has an impact on outcome, increasing the odds for in-hospital death with higher grades of AKI severity. AKI is independently associated with a higher morbidity and mortality [6] . Neither preventive measures nor directed therapy have shown benefit in a consistent way [7] . Delayed diagnosis has been pointed out as one of the reasons for this lack of effect, and so early detection is considered a first step towards an effective approach to this syndrome.
Current standard definitions of AKI have been developed and adopted by consensus in the last few years. The acute dialysis quality initiative (ADQI) established in 2004 the RIFLE criteria, a definition and staging system based on three different parameters [ percentage increase in serum creatinine (sCr) over baseline, percentage decrease in the glomerular filtration rate (GFR) over baseline and urine output] [8] . This classification was refined by the acute kidney injury network (AKIN) in 2007 [9] (Table 1) . The main modifications proposed were the inclusion of an absolute increase in sCr of 0.3 mg/dl or higher in the first category in order to improve sensitivity, a clear-cut definition of the time frame over which changes should take place (48 h), the inclusion of patients treated with RRT in the third category and the removal of GFR criteria. It has been estimated that over 200 000 patients have been included in studies validating RIFLE criteria in different settings [10] . Unfortunately most of this research has been retrospective studies.
Recently Waikar and Bonventre [11] have proposed a new definition and classification scheme for AKI based on creatinine kinetics (CKs) models. In this system, AKI is diagnosed when absolute changes in sCr take place along clearly defined periods of time ( Table 1 ). The rationale under this new proposal is that the use of absolute changes instead of relative changes over baseline should provide earlier diagnosis of AKI in patients with CKD, because 'the level of baseline renal function may influence the kinetics of creatinine rise after an acute injurious event'. As an important and increasing proportion of patients scheduled for cardiac surgery suffer from mild-to-moderate CKD, the adoption of these new criteria could have implications for the detection and management of the syndrome. The main goal of this work is to study the performance and the utility of this new CK system in the specific context of cardiac surgery complicated with AKI (CSA-AKI). For that purpose we compared the CK and RIFLE classifications in terms of agreement across categories, time to diagnosis and prognostic value.
MATERIALS AND METHODS

Study population
Data from every adult patient having undergone major cardiac surgery and admitted to the postoperative intensive care unit (ICU) were systematically recorded in a computerized database, following a standardized case form. Information about demographics, preoperative treatment, comorbidities, surgery and postoperative data, including complications and length of stay (LOS) was prospectively collected. After institutional research ethics board approval, data from patients operated between 1 January 2002 and 31 December 2007 were considered. Patients receiving any form of RRT before surgery, receptors of a renal transplant and early postoperative deaths (<24 h) were excluded from any analysis. For patients requiring more than one major cardiac surgery during the same admission only the first surgery was considered.
Definitions
Baseline sCr was considered the nearest value to the surgical date, measured the day before surgery in elective cases. Preoperative GFR was calculated by the modification of diet in renal disease (MDRD) simplified equation [12] . Patients were classified following the National Kidney Foundation guidelines for CKD [13] . Postoperative AKI was defined applying sCr criteria for both staging systems ( percentage increase over baseline for RIFLE, absolute increases in periods of 24-48 h for CK). Only sCr values for the first postoperative week were analysed. Every case was assigned to the highest category of AKI along this period. Patients with sCr 
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values that did not reach the lower class criteria to be diagnosed of AKI were classified as RIFLE class 0 or CK class 0. Classification disagreement was defined as the proportion of patients set into different grades of severity by both systems. Diagnostic disagreement was defined as the proportion of patients diagnosed of AKI by one set of criteria and as non-AKI by the other. Time to detection of AKI was measured as the number of days elapsed since the day of surgery till the first time an sCr value fulfilled criteria to be classified as AKI in any of the systems. When an sCr value on admission after surgery (Day 0) reached an AKI stage by any of the systems, time to detection for that particular system was considered 0 days. In-hospital mortality was defined as death occurring after surgery and during the index hospitalization. Hospital and ICU LOS were measured from the day of surgery.
Statistical analysis
We explored the agreement between RIFLE and CK classifications to detect AKI and the different categories of renal failure. For that purpose Cohen's weighted κ coefficient was used, which takes into account agreement by chance [14] . [15] . Other categorical or nominal data (in-hospital mortality, need for RRT) were compared by Fisher's exact test or χ 2 test as appropriate. Quantitative data were compared by Student's t-test or by the Mann-Whitney U-test or Wilcoxon signed-rank test in case of non-normal distribution. Discrimination of both systems for outcomes, need for RRT and in-hospital mortality were analysed by calculating the areas under the receiving operator characteristic curve (AUC-ROC) and comparing them by the method of Hanley and McNeil [16] . Binary logistic regression with these prognostic outcomes as the dependent variable was performed to calculate odd ratios for the different categories against reference (RIFLE class 0 or CK class 0).
All analyses were first performed in the global cohort. Although sCr was measured at least every morning in the ICU, after discharge to the ward, sCr was measured only on clinical demand and not on a daily basis. Because patients with short ICU LOS were prone to have a high number of missing sCr values during the first postoperative week, a second analysis was performed in a subset of patients with complete sCr data for the first postoperative week (a minimum of 8 sCr determinations including admission sCr on the day of surgery). This subset is a clearly biased group of the entire cohort with longer ICU LOS, due either to a higher preoperative risk or to the development of intraoperative or postoperative complications.
Analyses were performed with Stata® 11.1 statistical software package (StataCorp LP, TX, USA).
RESULTS
During this 6-year period 2167 major cardiac surgeries were performed on 2131 patients were performed who were admitted to postoperative ICU. 2103 admissions in 2067 patients we considered (1 patient with 2 surgeries on the same admission had CKD; another patient died in the first 24 h after a second surgery during the same admission). For this work, we excluded 32 cases (31 patients) with either end-stage CKD or who were recipients of a renal transplant, 29 early postoperative deaths and 6 second major surgeries during the same admission.
The median ICU and hospital LOS for this cohort were 3 and 10 days, respectively. Only 10.7% of patients had normal preoperative renal function (GFR ≥ 90 ml/min/1.73 m 2 ) calculated by the MDRD simplified equation. A mild decrease in the GFR (60-89 ml/min/1.73 m 2 ) was detected in 56.6% of patients, a moderate decrease (30-59) in 30.5% and a severe decrease (15-29) in 2.0, and 0.2% were on kidney failure, but without RRT before surgery. sCr data for the first postoperative week were complete in 349 cases (347 patients, 16 .6% of the entire cohort). This subset of patients were older, had higher baseline sCr, had more frequently undergone combined or aortic surgery and had higher operative risk measured by the EuroSCORE system, more previous cardiac surgeries and longer ischaemia and cardiopulmonary bypass times. Additionally this group developed more complications postoperatively, including prolonged mechanical ventilation, bleeding requiring surgical re-exploration and need for RRT, had longer ICU and hospital LOS and higher in-hospital mortality ( Table 2 ). The remaining 1754 admissions had a median of 4 sCr values during the first postoperative week.
Agreement between risk, injury, failure, loss and end-stage renal disease and creatinine kinetic definitions
Comparisons between both classification systems are given in Tables 3 and 4 . A significantly greater proportion of patients were classified as AKI by the CK system when compared with RIFLE. This occurred both in the global cohort (28.2 vs 13.9%) as well as in the complete data subset (60.5 vs 39.5%). Using the CK definition and grading scheme, more AKI patients were detected in every category in both cohorts. The proportion of classification disagreement was 24.1% in the whole cohort and 47.3% in the subgroup with complete data. Diagnostic disagreement was 17.3% for the global cohort (28.8% for the complete data subset). Agreement between both classifications assessed by the κ weighted statistic was substantial (0.67), and increased slightly when the subgroup with complete data was analysed (0.70).
Time to diagnosis
Time to diagnosis was compared only for admissions diagnosed with AKI by both systems. In the whole cohort analysis (261 cases, 260 patients), diagnosis of AKI was earlier for the CK classification (1.8 vs 2.5 days; P = 1.19 × 10 −17 ). The same applied for the 124 AKI patients of the subset with complete sCr data (1.7 vs 2.6 days; P = 3.5 × 10 −14 ) (Fig. 1) . . No statistically significant differences between AUC-ROC values were observed. In the logistic regression analysis, higher grades of AKI severity implied an increased risk for developing worse outcomes (Table 5) .
Prognostic value
DISCUSSION
In this work we have shown that, at least in the specific context of CSA-AKI, Waikar and Bonventre's CK classification system is more sensitive, detects AKI earlier and has similar predictive ability compared with the RIFLE system. Taking into consideration that only 10.5% of the sample studied had normal preoperative renal function, these results confirm their hypothesis. To our knowledge, this is the first time this new definition of AKI based on CK is studied in a clinical context.
Since the appearance of the AKIN definition and classification of AKI in 2007, many studies have focused on the comparison of its performance with the RIFLE system. Two of the most important works included large samples from prospectively collected databases of critically ill patients [17, 18] . Bagshaw et al. [17] analysed the Australian New Zealand Intensive Care Society adult patient database along a 6-year period to evaluate the incidence of AKI by both classifications within 24 h of ICU admission, and their ability to predict in-hospital mortality. The study included data from over 120 000 patients and 57 ICUs. Their main findings were a 1% difference in the detection of AKI (AKIN: 37.1% vs RIFLE: 36.1%) and a similar increase in risk for in-hospital mortality in patients who developed AKI within the first 24 h of admission (OR: 3.29 vs 3.13). Unfortunately, methodological limitations in the application of the criteria imposed by the data source and the retrospective design (24 h period, modified urine output criteria, back-estimation of basal sCr from the MDRD equation, unknown proportion of patients receiving RRT …), as well as scarcity in the result data provided (no measure of agreement, absence of a contingency table to compare incidence of AKI across stages in both systems) decrease the reliability of the results. Similarly Joannidis et al. [18] used prospectively collected data from the multicentre international database of the SAPS 3 project (over 14 000 patients from 300 ICUs) to compare AKIN and RIFLE criteria during the first 48 h after ICU admission. RIFLE criteria detected more AKI patients than AKIN (35.5 vs 28.5%) and although patients with AKI showed increased hospital mortality by both systems, a linear increment with higher severity grades was found only for the RIFLE classification. The proportion of classification disagreement in this study was 17.3%, with a diagnostic disagreement of 14%. Again, methodological limitations, such as the absence of knowledge about patients receiving RRT (AKIN class 3) or back calculation of baseline sCr only for RIFLE, affect the interpretation of the results. More recently, Haase et al. [19] in a small prospective study in cardiac surgery showed an excellent agreement between both systems in 282 cardiac surgical patients with 11% of classification disagreement and 5.3% of diagnostic disagreement. Interestingly, none of these studies provided a global measurement of agreement like the κ statistics. Since some of the criteria (i.e. urine output) are identical for RIFLE and AKIN schemes, κ values would probably lie in the range of perfect agreement. We chose to use this agreement measure not only because it is methodologically sound, but also because it can be used as a reference for future comparisons in other clinical settings.
The fact that even minor increases in sCr can affect outcome was first described in a cardiac surgery population by Lassnigg [20] and later validated by Chertow in hospitalized patients [21] . This finding was incorporated in the AKIN definition in order to increase sensitivity. Because most adult patients (with the exception of frail elderly and malnourished patients) have sCr values >0.6 mg/dl, an absolute increase of 0.3 mg or higher from the baseline creatinine will be reached sooner and in more patients than a relative 50% increase of creatinine levels. Unless there is a change in outcome, detecting more AKI patients by reducing this threshold is pointless. However, as given in Table 4 , the CK scheme detected more AKI patients with increasing risk for a worse outcome along the three stages of severity. The prognostic value of the system was maintained even for RIFLE class 0 patients diagnosed of AKI by the CK scheme, pointing to a more sensitive definition and classification, at least in this specific context. Time to diagnosis is another important issue. It is well known that sCr is not an accurate marker of kidney function in non-steady state situations like AKI. A delayed diagnosis of AKI has been pointed out as one of the main reasons for the failure of translating successful experimental interventions into clinical practice [22] . In fact, in the last years a huge amount of research has been focused on the quest for AKI biomarkers that can detect the syndrome before changes in sCr take place. However, despite its limitations, current consensus definitions include changes in sCr among their criteria. When we compared time to diagnosis for both systems, we found that the use of the CK definition shortened AKI detection by nearly 1 day. When only patients in the same categories were compared, the difference was greatest for the least severe class of patients (CK: 1 vs RIFLE R: 2.15 vs 3.43 days; P < 0.001), and decreases with increase in grades of severity, but was still significantly shorter for the highest class (CK: 3 vs. RIFLE: F: 1.35 vs 1.88 days; P < 0.001). A postoperative haemodilution effect may partially explain the earlier diagnosis. In this sense, half of the patients (299, 50.5%) diagnosed with AKI by the CK scheme were detected on the first postoperative day (Fig. 1) . However, only half of them (150 patients) were AKI CK class 1 at the time of diagnosis and did not progress to higher grades of severity, making the haemodilution effect less probable. When we analysed prognostic outcomes in this subgroup of patients, we found greater mortality and need for RRT (12.9 and 2.7%, respectively) than non-AKI patients. This finding minimizes any possible haemodilution effect. Although to date no effective secondary prevention measures for AKI have been found, this additional 'feature' of the CK system can be turned into an outstanding advantage and should be validated prospectively and investigated and tested in other scenarios.
Some limitations of our study must be taken into account. First of all, although data were prospectively collected, it should be considered a retrospective analysis as the aim and design were planned after data collection. We analysed separately a biased sample with complete data, finding similar trends as in the global cohort, although we must be cautious about establishing a complete generalization of data. Additionally, accuracy of our database is checked regularly and is always >98%. Secondly, the performance of the CK definition and classification system has been tested only in the specific context of a cardiac surgery sample with a high prevalence of CKD. The performance of the CK system should be tested in other AKI settings (critically ill patients, kidney transplant recipients, contrast-induced AKI etc.), and in other cardiac surgical populations, as large differences can be found across centres and between different countries [23] . A third limitation is inherent to both classifications as neither the RIFLE nor the CK system considers the influence of RRT. The need of this treatment during the first week would affect sCr values similarly in both classifications. To assess the impact on prognostic value, we repeated the analyses excluding patients who received RRT during the first week. Predictive ability for both outcomes studied remained stable. Finally, because our analyses were based only on sCr changes, the real performance of the RIFLE classification may have been underestimated. The contribution of the urine output criteria to the diagnosis of AKI according to RIFLE definition has not been fully investigated. The use of diuretics during the first postoperative days is quite common in the cardiac surgery setting. That practice may reduce the value of this criterion. In fact, Haase et al. [19] in their prospective analysis in this context found 5 patients identified as RIFLE class F only by the urine output criterion. Data on urine output in our database are unable to capture AKI based on the RIFLE definition. However, with data for the first 4 postoperative days, 7 patients in the complete data subset (14 in the global cohort) could be classified as RIFLE F only by urine output. Although the urine output criterion should be considered in future prospective studies, we believe that its related underestimation in the present study does not compensate the increase in sensitivity of the CK classification.
In conclusion, the AKI definition and classification developed by Waikar and Bonventre [11] showed a substantial agreement with the RIFLE criteria, although this new system detected more AKI patients and earlier, and had a similar prognostic value in terms of need for RRT and in-hospital mortality. We found CK criteria easy to apply and integrate into clinical daily practice in cardiac surgery procedures. The clear stages based on absolute increases in sCr, over well-defined time periods, make the CK system less prone to interpretation variations than the current standard RIFLE system.
The CK definition should be prospectively investigated in other clinical and research settings.
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